Three years' d ata for the heights and critical frequencies of the and regions a t Huancayo, Peru, are exam ined for lunar tides. Semi-diurnal lunar tides are found in all quantities save / J , . I t is found th a t the lunar variation in the F2 region depends on solar tim e in both phase and am plitude. A t certain solar epochs it attains very large am plitudes, up to 60 km.
Introduction
In a previous paper (Martyn 1947) , afterwards referred to as I, a theory was pro pounded th a t the major anomalies in behaviour of the region of the ionosphere were due to the action of the solar atmospheric tide, which tidal theory indicates may have a large amplitude a t this level. In brief, the theory showed th at the tidal motion, though predominantly horizontal, would cause large vertical movements of ionization, because of the presence of the earth's magnetic field. The existence of gradients in this vertical velocity would distort the shape of the ionized region, so th a t both the maximum electron density iV(max.), and max.), the height a t which this occurred, would depart notably from the values to be expected for a ' Chapman region'.
In I certain data were presented showing the existence of large 12-hourly har monics in h and N , and it was further shown th at the theory could qualitatively explain some of the major anomalies in This evidence by itself, however, is hardly sufficient to establish the validity of the theory. The isolation of solar tidal effects in the F region is rendered difficult by the fact th at the sun also exerts a strong ionizing effect, with a 24 hr. periodicity, but with appreciable 12-hourly harmonics. These may be expected to give rise to 12-hourly harmonics in iV(max.) and A(max.). Appreciable effects of similar periodicity may also arise from thermal heating of the F region by the sun. For these reasons it was considered desirable in I to study, particularly, data for the hours of darkness, and to show th a t there occurred then distinct temporal maxima in AT(max.) and A(max.), displaced 12 hr. from the daytime maxima.
The study of the effect of tidal motions in the F region would obviously be much facilitated if it were possible to observe a lunar tide a t this level, since the effect of this tide would presumably be uncomplicated by ionizing and thermal influences N (max.) , and are accura The readings of h are accurate to about 10 km.
All data were made available by the Director of the Department of Terrestrial Magnetism and Electricity of the Carnegie Institution of Washington, which main tains the Huancayo Observatory. The methods used in deriving the lunar variations follow those developed by Chapman & Bartels (1940) for the determination of the lunar barometric tide, and the lunar magnetic variations. Following these authors, the diurnal solar variation was removed from the data before they were rearranged in lunar time, reckoned from lower transit. For convenience, times of lower transit at Greenwich were used, as given in the Nautical Almanac. A small correction, amounting to n L 0/2 9*5, where L° is the longitude of Huancayo measured w and n is the order of the harmonic under consideration, was later applied to the phase of the harmonic, in order to bring the results to true local lunar time. The data for each calendar month was arranged in lunar time on one sheet and added up. Groups of months were then subjected to harmonic analysis, as described later. The results of these analyzes were plotted on harmonic dials. The groupings of points on the dials show the degree of consistency of the results, and can be used to estimate the probable error if a clear tidal effect be found. 
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To test this conclusion more rigorously the data were divided into groups of months and the average variation for each group subjected to harmonic analysis. The groups selected were (a) January, February, November, December, (6) May, June, July, August and (c) March, April, September, October; i.e. the two solstitial groups and the equinoctial group. This was done for each year separately. Since only 6 months' data were available for 1944 the results for each group in this year carry only half the weight of those for the other years.
The diurnal harmonic in these groups is found to be of small amplitude and apparently random phase and is not considered further.
The results for the semi-diurnal harmonic are plotted on the 12 hr. harmonic dial in figure 2, the semi-amplitude P2 being plotted as distance from the centre of the dial, and t2 as time on the dial regarded as a clock face. Group (a) amount of scatter in the points indicates that the data used are too few to permit more detailed conclusions. This is not surprising when it is recalled that the accuracy of each individual measurement of Amax-is only 10 km. and the data cover less than one effective year, since the Fx region can only be observed in daylight. There is clearly a large semi-diurnal variation of several kilometres. The coefficients of the first four harmonics are shown for both quantities in table 1, where P2, etc., represent the half-amplitude of the 1st, 2nd, etc., harmonic in km., and tx, t2, etc., the lunar time of maximum amplitude, reckoning 24 lunar hours to the lunar day.
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There is therefore a large semi-diurnal variation, which is more than twice as large in hm&x-as in h'. The phase of the variation in the latter is retarded almost an hour on that in the former. The only other harmonic of comparable importance is Pv These two harmonics were further investigated by means of the harmonic dial. The procedure adopted was identical with that described in (3*1) for A"i ax*. The results for P1 are shown in the diurnal dial in figure 4. The h' poin dicated by filled-in circles and the hm&x-points by cross a group of 4 months as in (3*1). The scatter of the points is such that it is concluded that there is no evidence for the existence of a diurnal lunar variation in h.
The results for P2 in A"t ax-and h'Ft are plotted in figures 5 and 6 respectively. In these figures, since a real variation is obviously present, one reverts to the plan described in (3-1) of representing each group of months (a) There is clearly a strong semi-diurnal harmonic of half-amplitude 0*10 Mcyc./sec. This conclusion is confirmed by the use of the harmonic dial in a manner similar to that described in (4*1). In this case all the points are found to fall in the quadrant between 3 and 6 hr., so for economy the remainder of the dial is not shown in figure 8. To illustrate the remarkable amplitude of the lunar variation in ^ax-at certain solar epochs, the variation for solar hour 17 in the group (a) months has been selected. 
D i s c u s s i o n o f r e s u l t s (5* 1) General significance of results
The lunar variation found in h$*x-is of the same order of magnitude as that found for h'E by Appleton & Weekes (1939) in England. The phase of the variation is almost in opposition to that found for the E region however.
The most remarkable features of the F2 variations are their amplitude, and the peculiar dependence on solar time. It is certainly astonishing that the moon can produce variations up to as much as 56 km. in the height of this region.
It would be extremely difficult to interpret these results as a direct consequence of the height and pressure variations associated with the lunar atmospheric tide. Even if it is assumed that the amplitude and phase of the latter are functions of height it would still seem to be impracticable to explain the complexities the results reveal. For example, figure 10 shows that large changes in the amplitude of the lunar variations in j¥(max.) occur between 0 and 5 hr. solar time, although the height of the region changes very little between these hours (figure 12).
The magnitude of the lunar variations revealed above lends strong support to the theory outlined in I that the anomalous diurnal, seasonal and geographical, variations in F2 are caused by the solar atmospheric tide, which is more than ten times larger than the lunar at the ground. It seems hardly likely that the solar tide should chance to be less than the lunar over the whole range of heights involved in the F region. Moreover, it will be found below that the 'lunar-solar' variations outlined in (4-3) are readily explained on the assumption that there is present in this region a solar tide of considerably greater amplitude than the lunar. The general solution of equation (1) is and 1 -the maxima and minima occurring at ot = \n and § 7 r respectively. zm then oscillates between v0/(o and -v0/(o, the maxima and minima occurring at (ot -0 and n respectively.
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The variation of Nm and <rzm with time is shown in figure 14 for k = 0*3. It will be observed that Nm varies almost sinoidally with a period slightly greater than 27t/(o. The variation of crzm departs more markedly from the sinoidal form, the rise in height being rapid and the fall slow. There is also a steady downward trend in height. It will be noted that the maximum in zm occurs about 130° ahead of the Nm maximum. When k < 0 ( c r <0 ), the phase of the zm varia amount behind that of Nm. 
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Also, when /c<^ 1, 
The compound given by equation (8) 
Notice that the L S variation retards in phase at the rate the S variation advances, while its amplitude varies as sin 8.
By equation (6)
Vzm ( (8) and Nm(S) variations show that crx is positive in sign. This is confirmed also by the steady overall downward movement o f the region (cf. figure 14) .
The application of equation (11) to the data in figure 10 gives crxv2/o)x as about 0*08 in the daytime, so that v2 i s about 6*6 km./hr. This value of v with the amplitude of Vzm(LS) in the daytime.
It is clear that it will not be easy to interpret completely the rather complex variations in figures 9 and 10. In the first place, orxvxj(j)x is n°f much less than unity, so that the simple results of equations (5) and (6) are inapplicable. Secondly, the lunar velocity v2 is not much less than the solar vx, so that the applicability of the treatment in (5*2*1) is doubtful. These circumstances arise, of course, from the particularly large amplitude of the solar variations in the F2 region at Huancayo, together wdth the particularly large ratio of the lunar to the solar variation at that place. (It is worthy of remark that these two features are also prominent in the solar and lunar magnetic variations at Huancayo.) It is possible, however, to inter pret some of the major effects in terms of the theory, although a more detailed application of the latter will be reserved for the data from observatories at higher latitudes, which give smaller, but simpler, lunar-solar variations.
It is observed from comparison of figures 5 and 8 that the average lunar variations in zm and Nm are approximately in phase quadrature, the latter leading the former by about 3*5 hr. It is not easy to explain this result, which is a feature of the results from all locations so far analyzed, save in terms of the theory developed in (5*2). I f it were possible to ignore the disturbing effect of the large S variation on the non linear system represented by equations (5) and (6), then the conclusion could be drawn that, since VNm leads Vzm, cr2 is negative in sign. This is probably not a safe deduction however at Huancayo, in view of the obviously large interaction between the L and 8 variations revealed by figures 9 and 10. In general, the variation in Nm should show simpler features than that in zm. It was shown in I that while Nm was a simple function of the velocity-height gradient, the variation of zm with this parameter was more complicated, and was liable to change of phase at critical values of the latter. Comparison of figures 9 and 10 shows that the Nm variation is con siderably simpler than that in zm, as might be anticipated from such reasoning.
Moreover in the hours from midnight to dawn the region has sunk (figure 12) to a level where there is strong reason to believe that attachment and recombination is important. (The Fx region at 200km. disappears very rapidly at sunset.) It is likely that the steadiness of the F region at the height of about 290 km. at this time is simply due to the fact that electrons moving downwards below this level disappear rapidly by these processes. Vzm(L8 ) may then be expected to be small at this time, as figure 9 shows x to be the case. On the other hand the Nm variation should remain, and could even be amplified, for in this case the vertical lunar velocity will add to, or subtract from, the solar velocity which is carrying electrons downwards into the recombination 'sink'.
The most striking feature of VNm(LS) is the continuous retardation of phase which takes place through most of the solar day. The average rate of this retardation, which becomes prominent soon after noon, when the F2 region is fully formed, and ion production is diminishing, is 1 hr./hr. It continues until dawn, when the new F2 region is formed and the phase changes abruptly. This phase retardation is a neces sary consequence of equation (11) 
